The amplitude of the auditory steady-state responses (ASSRs) generated in the brainstem 19 exponentially decreases over the averaging of subsequent EEG epochs. This behavior is partially due 20 to the adaptation of the auditory response to the continuous and monotonous stimulation. We 21 analyzed the potential clinical relevance of the ASSR adaptation. Specifically, we compare the ASSR 22 amplitude computed in two conditions: (1) when the auditory responses -embedded in the EEG 23 epochs that are averaged in the estimation procedure-are influenced by the previous stimulation; 24 and (2) when they are independent of the previous stimulation. ASSR were elicited in eight 25 anesthetized adult rats by 8-kHz tones, modulated in amplitude at 115 Hz. ASSR amplitudes were 26 computed using three averaging methods (standard, weighted and sorted averaging). We evaluated 27 the ASSR amplitude as a function of sub-set of epochs selected for the averaging and the 28 improvement in the ASSR detection resulting from averaging independent epochs. Due to 29 adaptation, the ASSR amplitude computed by averaging dependent EEG epochs relied upon the 30 averaging method. Lower ASSR amplitudes were obtained as EEG segments containing unadapted 31 responses were systematically excluded from the averaging. In the absence of EEG artifacts, the 32 ASSR amplitudes did not depend on the averaging method when they were computed from 33 independent EEG epochs. The amplitude of independent ASSRs were up to 35% higher than those 34 obtained by processing dependent EEG segments. Extracting the ASSR amplitude from independent 35 epochs halved the number of EEG segments needed to be averaged to achieve the maximum 36 detection rate of the response. Acquisition paradigm based on a discrete acoustic stimulation (in 37 which segments of AM-sounds of several seconds in length are presented after a given inter stimulus 38 interval), in combination with appropriated averaging methods might increase the accuracy of 39 audiological tests based on ASSRs.
145 Recordings 146 Electrophysiological responses were recorded differentially using stainless-steel needle 147 electrodes inserted subdermally (vertex positive; neck negative; thorax reference). Recordings were 148 amplified with gain 1.2x10 4 and band-pass filtered -cutoff frequencies of 10 and 300 Hz. Output of 149 the filter was digitized at 16 bit of resolution and sampled at 920 Hz. Segments with peaks of 150 electrical oscillations exceeding 50 mV were rejected online. Typically, less than five segments per 151 recording were rejected and they were randomly distributed across epochs. Data acquisition 152 continued until completing 60 artifact-free epochs of 4.45 s (4096 time-points each). Thirty 153 recordings were acquired from each animal. During the experimental session, every recording was 154 preceded by a no-stimulation period of ten minutes.
155 Pre-averaging modifications of epochs 8 156 Processing of the data was performed using in-house Matlab codes (MathWorks, USA). The 157 60 sequential epochs of the 30 recordings were re-arranged offline into a data matrix of 30 rows 158 and 60 columns -one matrix per animal (Fig 1, left panel) . From this dataset we created two other 159 modified data matrices, containing weighted and sorted epochs, respectively (Fig. 1A , middle and 160 right panels). Both manipulations are based on assuming that the sample variability of the epoch 161 reflects only the contribution from noise, so that noisy epochs will have higher amplitude variability 162 (Hoke et al. 1984 ; Mühler and von Specht 1999). 
174
Weighted epochs were obtained by dividing each voltage sample by the amplitude variance 175 of the epoch they belong to, so that variance was used as a measure of variability and weighting 176 factor ). Pertinently, we normalized the weights by their average across all epochs 177 in order to make the ASSR amplitudes obtained with three averaging procedures comparable. In the 178 sorting procedure, epochs were rearranged following an ascending order of root-mean-square 179 (RMS). This parameter has been used before as sorting factor in the detection of ASSRs, as it is 9 180 assumed to be proportional to the level of background noise (Rahne et al. 2013 ). In our case, the 181 sorting procedure was performed separately for each recording, which implied that epochs 182 corresponding to the same time window in different rows of the original matrix, might appear in 183 different time windows of the ordered dataset ( Fig.1 right panel) .
Adaptation of ASSRs

185
The adaptation of the ASSR was analyzed as described in Prado-Gutierrez et al. (2015) . In 186 summary, the averaging of epochs in the data matrices was performed along columns ( Fig. 1A ). This 187 was performed for each dataset (original, weighted and sorted epochs). it is important to recall that 188 sorting was performed according to the RMS values along each row, but the averaging was carried 189 out along columns, thus adding together epochs that do not correspond to the same time window 190 in the original dataset.
191
The amplitude of the ASSR was computed once for each group of epochs, at the end of the 192 averaging, using the fast Fourier transform (FFT). Such a manipulation allowed us to explore the 193 time evolution of the ASSR amplitude along a recording (a row in the data matrices) without the 194 influence of noise. The spectral amplitude obtained at 115 Hz (frequency of the amplitude 195 modulations of the acoustic stimuli) was considered as the amplitude of the ASSR. The amplitude of 196 the 30 spectral components at each side of the frequency of the response were vector averaged to 197 calculate the residual noise level (RNL). Those spectral components corresponded to the frequency 198 range between 111.8 Hz and 118.2 Hz. The ASSR amplitudes estimated along column can be 199 considered independent of one another, since averaging did not involve different epochs of the 200 same recording. Hereinafter, they will be called independent responses.
201
Both the independent ASSR amplitude and the RNL were plotted as a function of the 202 position of the epochs within recordings, i.e. the number of the column in the data matrix (see For analyzing the dynamics of the ASSR amplitude during the averaging procedure, epochs 211 corresponding to the same recording were sequentially averaged in the time-domain using 212 standard, weighted and sorted averaging. The direction of the averaging is represented in the 213 middle panel (Fig. 1A ). The ASSR amplitude was estimated after including each additional EEG epoch 214 in the averaging. We will refer to this procedure as averaging of "dependent epochs" and 215 correspondingly, estimation of "dependent ASSR amplitudes", as subsequent values were estimated 216 by using the same epochs but one.
217
Furthermore, we analyzed whether the time evolution of dependent ASSR amplitudes 218 varied as different pools of epochs within the same recording were averaged. Specifically, we 219 excluded from the averaging the first 1, 2, 4, 8 and 16 epochs of the recording, in order to evaluate 220 the specific influence of these first epochs in the estimated ASSR amplitudes. The rejection of epochs 221 was performed after the modifications associated with weighted and sorted averaging. The aim of this study is testing whether the averaging of independent EEG epochs results in 228 higher ASSR amplitudes than those obtained by averaging dependent EEG segments. To this end, 229 the first epochs in each recording (first column in the original data-set) were concatenated to form 230 a synthetic recording of epochs that are independent of one another (Fig. 1B) . As mentioned before, 231 the auditory response embedded in any of those epochs are not affected by the preceding 232 responses, since recordings were obtained after ten minutes of resting. Weighting and sorting of 233 epochs were performed after the concatenation procedure ( 267 Such a behavior depended on the pull of epochs selected for the response estimation. In other 268 words, when the response evaluation was initiated after a given number of epochs were acquired, 269 lower initial ASSR amplitudes were computed as larger sub-set of epochs acquired at the beginning 270 of the recording were subsequently excluded from the averaging. Consequently, lower decreases of 271 dependent ASSR amplitude were systematically obtained as the beginning of the response 13 272 evaluation was delayed, i.e., as more of the epochs acquired at the beginning of the recording were 273 systematically excluded from the averaging. In fact, the ASSR amplitude decreased only slightly 274 during the averaging procedure, when the first 16 epochs of the recording were ruled out. Similar 275 dynamics resulted from applying weighted averaging (Fig 3, 
302
The changes in the ASSR described above could not be explained by the behavior of the RNL 303 during the averaging procedure. Increasing the size of the data subset excluded from the averaging 304 did not have any effect on the behavior of the RNL (Fig 3, bottom 
316
Unlike the time evolution of the ASSR amplitude obtained during the averaging of 317 dependent EEG epochs, the independent ASSR amplitude did not varied as a function of the 318 averaging method (Fig. 5 ). Furthermore, averaging independent epochs consistently resulted in 15 319 higher ASSR amplitudes than those evoked by averaging dependent EEG segments (F=6.83; p<0.05). 320 The benefit of computing the independent ASSR amplitudes using the standard and weighted 321 averaging was evident after acquiring at least six EEG sepochs (F=11.75; p<0.05). Using sorted 322 averaging, the independent ASSR amplitudes were significantly higher than those computed for 323 dependent EEG segments, even from the first epoch. When the auditory response was evaluated 324 after averaging 10 epochs, the ASSR increased by 28.3%, 27,8% and 34.5% when they were 325 estimated with standard, weighted and sorted averaging, respectively.
326
The changes in the ASSR resulting from averaging independent instead of dependent EEG 327 epochs were reflected in the detection rate of the auditory response. As expected, when any of the 328 three averaging methods were used, the detection rates of the ASSR increased as more dependent 329 or independent epochs were averaged (Fig 6) . When the ASSR amplitude was computed by standard 330 and weighted averaging, the initial detection rates of dependent and independent responses were 331 similar (Fig 6 A and B) . Nevertheless, the initial detection rate obtained by the sorted averaging of 332 independent epochs was 45 % higher than that computed by averaging sorted dependent EEG 333 segments (Fig 6 C) . More importantly, extracting the ASSR amplitude from independent epochs 334 halved the number of EEG segments needed to be averaged to achieve the maximum detection rate 335 of the response. 
356
In this study we also provide a more precise description of the ASSR adaptation by using 357 smaller FFT windows that than applied in our previous study. Noteworthy, we founded new 358 evidences of the ASSR adaptation by analyzing the independent ASSR amplitudes of weighted and 359 sorted epochs. On one hand, the ASSR adaptation is evident after the weighting procedure. This 
366
On the other hand, relatively constant amplitudes of the independent ASSR were obtained 367 after sorting the epochs in an ascending order of RMS within the recordings (Fig. 2) . This was a 368 consequence of the small contribution of the auditory response to the RMS of single epochs when 369 compared with the contribution of the background noise, even in those epochs containing 370 unadapted ASSR. Therefore, after sorting, epochs containing unadapted ASSR will not be generally 371 placed at the beginning but in any other location of the recording. Consequently, any given column 372 in the sorted data-set (Fig 1) will be mainly composed by epochs containing adapted ASSR. Since 373 independent ASSR were computed by averaging through the columns in the sorted data matrices, 374 similar independent ASSR amplitudes are expected due to the relatively equal contribution of 375 unadapted epochs to every time window.
376
From a phenomenological perspective, the behavior of the ASSR described in this study meet 377 the principal criteria defined by Thompson and Spencer (1966) 
456
Averaging a fixed number of EEG epochs (Fig 3) , we corroborated the behavior of the 
468
Consequently, the ASSR amplitude computed at the end of the averaging decreased as more 469 epochs containing unadapted responses are excluded (Fig 4) . From a practical point of view, these 470 results highlight the need for defining not just an appropriate length of the recording and averaging 471 stopping criteria for estimating ASSR amplitudes, but also when the response evaluation need to be 472 started. 
490
The result presented in Figs 5 and 6 also show that the amplitude and detection of 491 independent ASSR did not vary as a function of the averaging method. In that regard, it is worth 492 noting that our experiments were performed in anaesthetized animals, which were maintained 493 areflexic along the recording session. Therefore, EEG artefacts were extremely uncommon. In this 494 ideal scenario, similar independent ASSR amplitudes are expected to be found when they are 495 computed with the weighted and sorted averaging implemented in this study. However, tools for 496 reducing the effect of EEG artefacts should be determining for the estimation of independent ASSR 497 amplitudes in the clinical practice. The SNR obtained with sorted averaging in higher in comparison 498 with that resulting from weighted averaging (Rahne et al. 2013 ). This advantage, combined with the 499 fact that sorted averaging does not modify the amplitude of the auditory responses, makes this 500 averaging method in a potential powerful tool to improve the detection of ASSR.
501
A potential issue regarding the feasibility of the discrete stimulation mode is the possible 502 attenuation of the averaged ASSR amplitudes due to variations in the phase of the neural oscillations 503 from one trial to another. Futures studies need to address this topic experimentally. Nevertheless, 504 the ASSR phase estimated in independent epochs might be less variable than expected, as previous 
